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ABSTRACT 



Pi 



P2 



A semi-conductor decoder circuit includes 2^-' cir- 
cuits each formed of transistors vertically arranged in N 
stages, with the transistors of 2^-^ 2^-2 ... 2', 2^ 
number being disposed sequentially from the output 
stage in N stages in a tree structure. Tlie gale width of 
the transistor at each stage is expanded as a distance 
from the output stage is increased so as to prevent an 
increase in ON resistance of the circuit and also to 
achieve a high speed operation. 

4 Qaims, 9 Drawing Figures 

P2N-1 



[n Ti h-r-r-)rrT"n,TT--n 



j PMOS 
[iPTl 



\ A'i A'z-Am 

rrr-n 




I z NANDa 



04/23/2004, EAST Version: 1.4.1 



U.S. Patent Aug. 4, 1987 Sheet 1 of 5 4,684,829 
Fi g. I PRIOR ART 




Ftg. 2 PRIOR ART 




04/23/2004, EAST Version: 1.4.1 



U.S. Patent Aug. 4, 1987 Sheet! of 5 4,684,829 

Fi g, 3 PRIOR ART 




Fig, 4 PRIOR ART 



A'. A'2/^'2.-AVan A'i %'2.„aV^ 




04/23/2004, EAST Version: 1.4.1 



U. S. Patent Aug. 4, 1987 



Sheet 3 of 5 



4,684,829 



Fig. 5 PRIOR ART 




I 

S 

-I 

\ 

u 
s 
-J 

X 



Fig. 6 



Pi 



P2 



fn nhi nrrT--nrrT--n 



jPMOS j I PMOS I IpMOS i PMOS I 



I 

LiPTljJ LjiPlI j L(ptT^ 

A'|-||2NT NTl||-A'| S'lHtNT Ni 
A'2— IRNT NT>lf-A'2 



A3-|(|nT 




A'n-i — iiInt 



P2 



,N-I 



I. Al A2 --AN 

rrr-n 

I PMOS I 
(_PT)J 

Nrljl-A'i 



NtHi— a'z 




NT-il— A'n-( 



A'N/A'NHe-MT 



04/23/2004, EAST Version: 1.4.1 



U. S. Patent Aug. 4, 1987 Sheet 4 of 5 4,684,829 



Fig 



a 

O 



^ ^ m ^(M <Nj — ^ 

< i< < r< < r< < i<c 



Ts 



+; 



5 NANDi 



□ 



+ 

±3 



^ NANDz 



NANDe 



04/23/2004, EAST Version: 1.4.1 



us. Patent Aug. 4, 1987 Sheets of 5 4,684,829 







1 1 1 1 I 1 


a» 




o W3 equation (3) 


•5 


1.0 


- 5Cflp ^ W2. equation (2) . 


o 

•o 




u ^ Wi equation 1 1 ) 


c 






o 


0.8 


W 






\ \ 










0.6 




41 




\ 0 


O 
C7I 


0.4 




O 






c 


0.2 




o 












(0 


0 


1— — 1 1 1 ' 



1.2 3 4 5 6 



NAND gate, no. of inputs 



Fig. 9 



ABCD ABCD ABCD ABCD 




04/23/2004, EAST Version: 1.4.1 



4,684,829 

1 2 

each transistor must be accommodated within a mem- 
CMOS TREE DECODER WITH SPEED ory cell length LMC. On the assumption that the gate 
ENHANCEMENT BY ADJUSTMENT OF GATE width of the NMOS transistor equivalent to the mem- 
WIDTH cell length LMC is denoted by Wyv/, the substantial 

r,*^^^f>^.,i.fT^ ^^-^.,r^ t^.wr^w™^,., ^ ^^^^^ ^1 NMOS portion which must be 

BACKGROUND OF THE INVENTION ^^^^ represented by an equation. 

The present invention generally relates to a semi-con- 
ductor decoder circuit and more particularly, to a de- , , 
coder circuit for a memory circuit constructed with * i/w^ + \/iVM + . . . + i/h^m ^W^^ 
CMOS (complementary metal oxide semi-conductor) 

transistors. Subsequently. FIG. 4 shows an hnproved circuit of 

Followmg the recent rapid progress in processing the conventional circuit of FIG. 2, while FIG. 5 reprc- 

techniques, there has been a marked increase m the ^^^^ ^ ^ ^^^^ ^^^^^ j„ P,G 4, (n + i)/2 

memory capacity of a semi-conductor nriemory. while ^^^^ ^^^^^^^^^ ^ ^ 1^ 

memory cell size has tended to decrease m inverse pro- " Ct a xit^ • •* j *u * - j.i. /• .t_ . 
««w;«« t/^*v,or«o«,«.^,^o«,^Wx,..«,;«^f^fU^,^*««V;«„ NAND circuit, and the gate widths of the transistors 
portion to the memory capacity owing to the restnction *. • ti y*. -r» , . 

in the chip size ^^^"S A 2/A 2 10 A /v/A yv as the inputs can be ex- 

Generally, in an asynchronous CMOS memory, the ^^"^^^ ^ equivalent to 2LMC Although the 
decoder section is constituted by NAND circuits as transistor having the gate width larger than that 

shown in FIG. 1, and for the NAND circuits of this 20 in the conventional circuit of FIG. 2 may be obtained 
kind, there are employed circuits constructed of NMOS above arrangement, the substantial gate width 

(n-channel metal oxide semi-conductor) transistors con- ^2 in this case is merely one represented by an equa- 
nected to each other so as to be vertically arranged. tion. 
However, the NAND circuit construction as described 

above has such a disadvantage that its ON resistance is 25 ^ ^ Qy 

undesirably increased, with a consequent prolonged ^ i/^a/ + J/^Jf*/ +...-}- 1/2 »f a/ " TvTT 

discharge time. Moreover, following the reduction of 

the memory cell size owing to the reason described and it can not be said that a fully satisfactory improve- 
carlier, the gate width of the NMOS transistor becomes nj^nt has been achieved, even with respect to the cir- 
still smaUer in an ordinary layout system, an^ 30 verticaUy arranged in multi-stages, and thus, a 

the inconvenience that the d^hargc time is prolonged .^^eiently high speed operation has not been achieved 
still further, can not be avoided. . u r ;i. 1 . j . 

More specifically, in the decoder section of the asyn- '^"i conventional systems due to the 

chronous CMOS memory as iUustrated in FIG. 1, al- hmdr^mce resulting from the vertically staged connec 
though there are provided the NAND circuits respec- 35 of NMOS transistors, 
tively applied with N inputs of A'l to A'/v, these N input SUMMARY OF THE INVENTION 

NAND circuits NAND 1, NAND2. ... and NAND/f 

present an obstacle for high speed operation, and there- Accordingly, an essential object of the present inven- 
forc, various proposals have been made up to the pres- ^ provide a semi-conductor decoder circuit in 

ent time to modify circuit construction and layout sys- 40 which multi-staged NMOS transistors are connected to 
terns in order to eliminate the disadvantage as described each other into a tree structure, the tree structure being 
above. so arranged that the gate width is increased to be equiv- 

In FIG. 2, there is shown the simplest construction of alent to one, two, four times ... and so forth of the mem- 
a CMOS N input NAND circuit conventionally em- ory cell length, starting from the transistor at the side 
ployed, in which N number of PMOS (p-channel metal 45 closer to the output stage for the expansion of the gate 
oxide semi-conductor) transistors FT are connected in width, thereby prevents an increase of ON resistance of 
parallel to each other, while N number of NMOS tran- the circuit and also, toigehicve a highispeedioperation. 
sistors NT are connected to be vertically arranged in Another important object of the present invention is 

to provide a semi-conductor decoder circuit of the 
said PMOS tnmsistors PT and the ground with mput 50 ^^ove described type which is simple in construction 

Z 'fi'^ff '^'^ PMn^^^^^ ^Sf^^y '^li^We in operation, L can be readUy 

Incf«n« iTo « T^'""!^ ^^^^ incorp^ratedinto variousdectroniccircuitsatlowcost 

transistors NT so as to function as the NAND circmt t r *u j -.u ^ j- 

In FIG. 3, showing a layout pattern of an arrange- , accomplishmg A«e and oth^ objects according 

ment of the above NAND drcuits, for example. 55 0 one preferred embodiment of the present invenh^^^ 

NAND, and NAND2, regions surrounded by solid lines P™^*1^ ^ ^^.-^^^^^^^^ ^f^,^^ 

are diffusion areas 1 and 2, and 2N pieces of signal lines !f ^^"^^ ^^^'^'^ ^^""^^ transistors 

X'u A'l ... A'N, A'N arc formed by Al wiring, while vertically arranged m N stages, characterized in that the 

polysilicon layers 3 (shown by hatched lines) are further transistors of 2^- >. 2^-2 . . . 2', 2° pieces are disposed 

formed on gate insulating films forming the NMOS 60 sequentially from the output stage in N stages in a tree 

transistors NT so as to overlap the Al wiring. In FIG. 3, structure, with gate width of the transistor at each stage 

marks ^ represent contact holes for establishing con- being formed to be expanded as a distance from the 

nections between the Al wiring and the polysilicon output stage is increased. 

layers 3 of the NMOS transistor gate electrodes, and By the circuit construction according to the present 

marks x show connections between the Al wiring and 65 invention as described above, an improved semiconduc- 

the diffusion areas 1 and 2. In the circuit arrangement of tor decoder circuit has been advantageously presented, 

FIG. 3, N pieces of NMOS transistors NT are cm- with a substantial elimination of disadvantages inherent 

ployed . per one NAND circuit, and the gate width of in the conventional circuits of this kind. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 
invention will become apparent from the following 
description taken in conjunction with the preferred 5 
embodiment thereof with reference to the accompany- 
ing drawings, in which; 

FIG. 1 is a block circuit diagram showing the con- 
struction of a decoder section of an asynchronous 
CMOS memory (already referred to), 10 

FIG. 2 is a circuit diagram showing the simple con- 
struction of CMOS N input NAND circuits conven- 
tionally employed (already referred to), 

FIG. 3 is a diagram showing a layout pattern of the 
conventional circuit of FIG. 2 (already referred to), 15 

FIG. 4 is a circuit diagram similar to FIG. 2, which 
shows a conventional improvement thereof (already 
referred to), 

FIG. 5 is a diagram showing a layout pattern of the 
conventional circuit of FIG. 4 (already referred to), 20 

FIG. 6 is a circuit diagram showing the construction 
of a semi-conductor decoder circuit according to one 
preferred embodiment of the present invention, 

FIG. 7 is a diagram showing a layout pattern of the 
semi-conductor decoder circuit of FIG. 6, 25 

FIG. 8 is a graphical diagram showing the relation 
between the number of inputs for NAND gate and 
substantial gate width for comparison of the conven- 
tional circuit with the embodiment according to the 
present invention, and 30 

FIG. 9 is a diagram similar to FIG. 6, which particu- 
larly shows a modification thereof. 



becomes 2'xLMC, the gate width of the NMOS transis- 
tor NT applied with the inputs A VA'j is 22xLMC and 
the gate width of the NMOS transistor applied with 
the inputs A'/MV will be 2'' 'xLMC In such a manner, 
the NMOS transistors NT included in 2^^-! number of 
NAND circuits are collectively formed to provide the 
gate widths and diffusion areas meeting the dimensions 
as described above. In other words, in the tree structure 
for NMOS transistor NT of N stages, the gate width is 
increased as a distance from the output stage is in- 
creased. 

In the above layout pattern of FIG. 7, although the 
gate widths are similar to those shown in the conven- 
tional circuit of FIG. i with respect_to the NMOS tran- 
sistors NT applied with the inputs A'l/A'i and AVA'z* 
the gale widths may be expanded in such a manner that 
4LMC,_8LMC, ... and so forth with respect to. the 
inputs A'y/A'y and thereafter, and the substantial gate 
width W3 may be represented by. 



DETAILED DESCRIPTION OF THE 
INVENTION 



35 



Before the description of the present invention pro- 
ceeds, it is to be noted that like parts are designated by 
. like reference numerals throughout the accompanying 
drawings. 

Referring now to the drawings, there is shown m 40 
FIG. 6 a semi-conductor decoder circuit according to 
one preferred embodiment of the present invention. The 
decoder circuit of FIG. 6 is formed of CMOS transis- 
tors and generaUy includes PMOS transistor sections 
Pi to PjN— 1 which each include, with respect to N 45 
inputs A' I to A'tv, N number of PMOS transistors PT. 
These PMOS transistors have applied, at their gates, 
inverted or non-inverted inputs which are respectively 
connected in parallel to each other. The decoder circuit 
generally further includes NMOS transistor sections in 50 
which NMOS transistors NT are connected at subse- 
quent stages of the 2^-* number of PMOS transistor 
sections Pi to P2N — 1 in the form of a tree structure as 
illustrated. In the NMOS transistor sections, the tree 
structure is so constructed that the transistors NT are 55 
connected to each other, in vertical stages, by succes- 
sively being reduced in the number thereof in such an 
order as 2^-^ number of NMOS transistors NT applied 
with inputs A'l/A'j, and then, 2'^-2n^iimber of NMOS 
transistors NT applied with inputs AVA'zup to one 60 
NMOS transistor NT applied with inputs A V/A'w at 
the fmal stage. 

FIG. 7 shows a layout pattern of the NMOS transis- 
tor section as illustrated in FIG. 6. More specifically, on 
the assumption that a gate wid^ of the NMOS transis- 65 
tor NT applied with the inputs A'l/A'i is represented by 
one memory cell length LMC, the gate widthof the 
NMOS transistor NT applied with the inputs AVA'2 



2{l - (i)^ 



(3) 



Referring also to FIG. 8, there is shown a graphical 
diagram representing the relation between the NAND 
gate, number of inputs in the foregoing equations (1), (2) 
and (3) and the substantia] gate widths. As is seen from 
FIG. 8, it has been found that, although the gate widths 
Wj and W2 are rapidly decreased as the number of 
inputs to the NAND gate is increased, the gate width 
W3 is hardly changed in the circuit construction of the 
embodiment according to the present invention in the 
case where the number of stages N is in the relation 
N^4. The above finding shows that the feature of the 
present embodiment is more clearly displayed with an 
increase of the memory capacity. 

Referring further to FIG. 9, there is shown a decoder 
circuit according to a modification of the present inven- 
tion, which is more specific than the embodiment of 
FIG. 6. In the modification of FIG. 9, it has been so 
arranged that each NMOS transbtor TNO at the output 
stage side has a gate width equivalent to one memory 
cell, each NMOS transistor TNI at the subsequent stage 
has a gate width equivalent to two memory cells, and 
NMOS transistors TN2and TN^are provided with gate 
widths equivalent to four memory cells. 

The substantial gate width W4 in this case is repre- 
sented by 



2 



as denoted by a mark ® in FIG. 8. 

In the present embodiment, the reasons why the tree 
structure for the NMOS transistors is limited to the 
three stages without extension to four stages, with re- 
spect to the decoder circuit of four inputs, are: 

(1) Since the number of inputs for the NAND gates is 
smaU at four inputs, the substantial gate width is hardly 
affected even if the tree structure b formed into four 
stages. 

(2) In the case where the tree structure b formed into 
four stages, there b such an undesirable possibility that 
in the present embodiment in which the memory size b 
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not so small, areas at the source side of the transistor 
TN3 and at the drain side of the transistor TNa are in- 
creased, with the influence of junction capacitance at 
that portion beginning to be noticed. 

However, when the number of stages for the tree 5 
structure is increased by the contraction of the memory 
size through a further advance towards a large memory 
capacity as in a VLSI (very large scale integration) in 
recent years, a combined effect with the increased num- 
ber of inputs for the NAND gates may be expected, 10 
since the influence by the above junction capacitance 
can be reduced. 

As is clear from the foregoing description, according 
to the present invention, even in a circuit in which a 
large number of MOS transistors are to be venically 15 
connected in stages to each other, it is possible to pre- 
vent the undesirable increase of the ON resistance 
through expansion of the gate width, and thus, a high 
speed functioning can be achieved. Particularly, the 
present invention provides a remarkable effect when 20 
applied to a high density memory circuit in which con- 
traction of cell size can not be avoided. 

Although the present invention has been fully de- 
scribed by way of example with reference to the accom- 
panying drawmgs, it is to be noted here that various 25 
changes and modifications will be apparent to those 
skilled in the art. Therefore, unless otherwise such 
changes and modifications depart from the scope of the 
present invention, they should be construed as included 
therein. 30 

What is claimed is: 

t A semiconductor decoder circuit comprising: 
2^-1 number of NAND gate means, each having N 
inputs and collectively developing an output, 
where N is greater than 2, each said NAND gate 35 
means including; 

N first transistors, each having a control terminal 
coupled to receive one of said N inputs and first 
and second controlled terminals, said first con- 

40 



6 

trolled terminals being commonly connected 
together to said output, said second controlled 
terminals coupled to receive a supply voltage; 
and 

a unique path of at least N ~ 1 second transistors, 
said second transistors each having an input gate 
coupled to receive one of said N inputs and third 
and fourth controlled terminals, said N — 1 sec- 
ond transistors in said unique path being serially 
connected together by their respective third and 
fourth terminals to form N— I stages between 
said commonly connected first controlled termi- 
nals and a reference node; 
said unique path between each of said 2^'- ' number 
of NAND gale means and said reference node 
sharing at least some of said N— 1 second transis- 
tors with the unique path of others of said NAND 
gate means, 

said N— 1 second transistors of all of said 2^^-* num- 
ber of NAND gate means being connected in a 
cascade arrangement with said said unique paths 
intersecting to connect the N .first transistors of 
each of said 2^- > number of NAND gate means to 
said reference node at a single point; 
each gate of one of said N— 1 second transistors in the 
N — 1 stage having a gate width inversely propor- 
tional to the number of transistors in said N— 1 
stage to thereby make the total gate width of all of 
said second transistors at each said stage substan- 
tially constant 

2. The decoder circuit of claim 1 wherein said first 
transistors are PMOS field effect transistors. 

3. The decoder circuit of claim 1 wherein said second 
transistors are NMOS field effect transistors. 

4. The decoder circuit of claim 1 wherein said at least 
N — 1 second transistors of each unique path comprise N 
second transistors. 

***** 
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